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SUMMARY 


This  report  contains  the  results  of  a  cost  benefit  analysis  of  various 
levels  of  computerized  production  process  planning  for  cylindrical  and  non- 
cylindrical  machined  parts.  The  results  of  the  study  indicate  that: 

•  Computer  aided  process  planning  can  significantly 
lower  the  costs  of  manufacturing  machined  parts. 

•  That  computer  aided  process  planning  can  have  a 
major  impact  on  numerous  other  factors  influencing 
overall  manufacturing  productivity. 

•  The  vast  majority  of  the  companies  contacted  are 
receptive  to  computer  aided  planning  and  are  either 
currently  using  or  plan  to  use  such  techniques  in 
the  near  future. 

•  The  economic  viability  of  a  particular  level  of 
process  planning  automation  depends  primarily  on 
the  indigenous  circumstances  of  individual  com¬ 
panies,  particularly  with  respect  to  product  simi¬ 
larity  and  annual  sales  volumes. 
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The  more  simplistic  approaches  to  computer  aided 
process  planning  offer  better  short-term  economic 
payoff;  however,  the  more  sophisticated  approache 
offer  greater  potential  lowering  costs  and  in¬ 
creasing  productivity  in  the  long  run. 


Missile  Prime  and  Subcontractors  4 

Other  Aerospace  Companies  8 

Other  Types  of  Manufacturers  9 

21 

Because  of  the  large  amount  of  data  received  (each  data  request  had 
approximately  330  possible  entries],  the  approach  used  to  analyze  the 
data  was  to  develop  a  detailed  spread  sheet  on  which  to  transfer  the  data 
for  subsequent  analysis.  Compounding  the  magnitude  of  the  task  was  the 
fact  that  the  data  request  was  structured  in  such  a  manner  as  to  facili¬ 
tate  numerous  intermediate  calculations  for  additional  analysis  and  cross 
checks  to  assess  the  validity  of  the  data  received,  Needless  to  say,  the 
spread  sheet  turned  out  to  be  quite  large;  however  this  also  turned  out 
to  be  an  advantage  during  the  analysis  because  it  displayed  all  of  the 
data  and  calculations  in  a  way  that  variations  between  responses  could  be 
easily  assessed  visually. 

Once  the  information  had  been  transferred  to  the  spread  sheet  and  the 
intermediate  calculations  had  been  made,  each  entry  and  calculation  was 
rechecked  to  insure  accuracy.  Following  this,  the  data  was  entered  into 
a  computer  for  further  analysis, 

Specifically,  for  each  column  of  aata  the  means,  standard  deviations, 
minimum  observations,  maximum  observations  and  number  of  responses  was 
computed.  This  was  done  for  each  of  the  three  industry  a  egories  and 
the  total  of  all  responses  received,  Additionally,  histograms  were 
plotted  for  each  data  column  and  industry  grouping.  The  results  of  these 
analyses  are  contained  in  Appendices  B  and  C. 

14 
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ti 
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also  is  capable  of  generating  a  feasible,  efficient  process  plan 

by  using  internally  stored  data  and  logic, 

The  data  request  was  mailed  to  153  individuals  in  various  manufactur¬ 
ing  companies  and  division;:,  The  identification  of  individuals  who  would 
be  mailed  requests  was  not  random;  the  criteria  used  in  selecting  the  ad¬ 
dressees  were  that  each  Army  missile  prime  contractor  should  receive  a 
data  request  and  individuals  known  to  be  knowledgeable  in  the  subject 
matter  should  also  be  solicited  for  information. 

A  breakdown  of  the  mailing  by  industry  type  is  as  follows: 

Missile  Prime  and  Subcontractors  14 

Other  Aerospace  Companies  37 

Other  Types  of  Manufacturers  i.02 

TOTAL  153 

Twenty-one  responses  were  received  from  the  mailing,  although  all 
questions  were  not  answered  by  every  respondee.  This  represents  a 
response  rate  of  13. 7«,  an  unusually  high  number  for  a  survey  of  this  type 
and  breadth. 

The  analysis  of  the  data  received  is  surYnarized  in  the  next  section. 

2,2  Data  Analysis 

As  mentioned  previously,  21  data  requests  were  returned  for  analysis, 
3y  industry  type,  the  resoonses  were  as  follows: 
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2.  In  operation  of  the  system,  a  process  planner  would  sit 
down  at  a  CRT  terminal  and  input  data  on  the  machined  part 
design  (e,g.,  geometry,  tolerances,  surface  finish,  hard¬ 
ness,  concentricity,  etc,],  the  starting  material 

(e,g.,  type,  geometry,  etc,]  and  the  lot  size,  The  com¬ 
puter  system  would  then  generate  a  process  plan  using  the 
process  decision  rules  to  select  the  machine  or  equipment 
type,  select  tooling  and  fixtures,  and  determine  optimum 
machine/tool  path  combinations  for  each  metal  removal 
operation.  The  system  also  calculates  time  standards, 
inserts  operations  for  heat  treating,  cleaning,  inspection, 
etc.,  and  produces  sketches  of  the  workpiece  and  tooling 
suitable  for  inclusion  in  the  operation  sheets.  The  process 
planner  can  interact  with  the  system  if  he  wishes  to  over¬ 
ride  the  decision  logic  and  specify  details  of  a  particular 
operation  or  if  the  data  bases  are  incomplete  and  the  system 
needs  inputs  from  him  to  proceed.  The  final  process  plan, 
including  routing  sheets  and  detailed  operation  sheets  is 
then  stored  in  the  data  base  for  future  use. 

3.  A  process  planner  can  also  use  the  system  to  retrieve  and 
to  modify  process  plans  which  have  been  previously  generat¬ 
ed  and  stored  in  the  data  base. 

In  summary,  at  this  level  of  automation,  the  computer  may  be  used  not 
only  for  the  retrieval  and  up-dating  of  existing  process  plans,  but 
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enabling  the  system  to  produce  most  or  all  of  the  process  planning 
without  relying  on  the  existence  of  a  standard  process  plan  or  a 
process  plan  for  a  similar  part  (although  this  system  could  also 
operate  in  the  same  mode  as  System  2), 

The  main  features  of  this  system  are  described  below: 

1.  The  system  has  the  following  data  bases: 

a)  A  machine/equipment  data  base  whicn  contains 
information  concerning  a  machine’s  physical 
characteristics ,  cutting  capabilities,  tolerance 
ratings  and  operating  costs. 

b)  A  tooling  data  base  which  contains  information 

on  tool  geometry,  material,  application  and  cost. 

c)  A  machinability  data  base  which  contains  informa¬ 
tion  on  speeds,  feeds,  tool  life,  etc.  This  data 
base  has  two  parts,  one  for  "look-up*  data  on 
machinability,  and  one  for  machinability  equations 
which  are  used  to  optimize  processing  parameters. 

d)  A  data  base  containing  process  decision  rules 
which  provide  the  system  with  the  logic  needed  to 
generate  process  plans.  In  general,  these  rules 
would  be  developed  from  past  experience  in  a  par¬ 
ticular  plant, 

e)  Stored  process  plans  for  previously  planned  parts. 
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Such  determination  may  be  through  either  a  table  look-up 
in  a  machinabil ity  database  or  an  analysis  of  empirical 
equations  for  metal  removal,  These  parameter  values,  as 
well  as  other  processing  parameter  values  (e.g.,  heat 
treating  temperature  and  time,  etc,),  may  be  reviewed 
by  the  process  planner  and  modified  if  desired. 

4.  The  completed  process  plan  is  then  stored  in  the  database 
under  its  part  number  for  future  reference. 

5.  The  computer  is  used  in  the  generation  of  shop  documents 
as  described  in  System  1, 

At  this  level  of  automation,  the  computer  is  used  to  (a)  assist  in  re¬ 
trieving  process  plans  that  are  closely  related  to  the  part  in  ques¬ 
tion;  (b)  facilitate  interactive  editing  (modifying  and  enriching) 
the  retrieved  process  plan;  (c)  determine  best  metal  cutting  param¬ 
eters  and  associated  time;  and  (d)  produce  needed  documents  for 
shop  use  (excluding  sketches,  which  must  still  be  prepared  manually). 

System  3 

Semi-Automatic  System  with  Computer-Aided  Operation  Determination 

This  system  is  considerably  different  from  the  previous  systems  in 
several  respects.  One  of  the  major  differences  is  that  this  system 
has  a  "generative1'  process  planning  capability  in  that  it  contains  a 
certain  degree  of  decision  logic  concerning  process  planning,  thereby 


1.  A  computerized  database  in  conjunction  with  appropriate 
database  management  software  will  allow  the  retrieval  of: 

a)  A  list  of  parts  belonging  to  the  same  part  family 
(i,e.,  a  list  of  all  parts  having  the  same  Group 
Technology  code) . 

b)  A  skeletal  (or  standard)  sequence  of  operations 
for  a  particular  Group  Technology  code, 

c)  A  process  plan  for  an  existing  part  number. 

2.  An  interactive  graphics  (CRT  terminal)  capability  to 
enhance  a  skeletal  sequence  of  operations  retrieved  by 
a  Group  Technology  code  or  modify  an  existing  process 
plan  for  a  particular  part  number.  The  editing  consists 
of: 

a)  Entering  or  modifying  production  demand  data 
(e.g.,  job  no.,  lot  size,  etc.) 

b)  Deleting  and  adding  operation  and  associated  data 
on  a  routine  sheet. 

c)  Detailed  planning  for  any  operation  on  an  oper 
ation  sheet. 

3.  The  edited  results  are  the  inputs  to  cutting  parameter 
determination  subroutines.  Typically,  the  best  feeds  of  a 
material  removal  operation  with  know  machine  and  tooling 
will  be  determined  and  the  associated  cutting  time  computed 


coded  into  the  computer  (by  keypunch  operators 
working  from  a  coding  sheet)  which,  in  turn,  produces 
hard  copy  documents  for  the  shop.  These  documents 
may  be: 

a)  Routing  sheets  containing  a  summary  of  the 
operations,  machines  and  equipment  needed, 
jigs/fixtures  and  cutter  types,  and  standard 
times  for  each  operation, 

b)  Operation  sheets  contained  detailed  instruc¬ 
tions  for  each  operation  such  as  cutter  path 
feeds,  speeds  and/or  material  processing 
parameters.  If  graphical  aids  are  needed  for 
these  operations,  these  aids  are  manually 
generated. 

At  this  level  of  automation,  therefore,  the  process  planner  is 
(a)  assisted  in  locating  a  process  plan  that  is  closely  related 
to  the  part  in  question  if  such  a  plan  exists  and  (b)  relieved 
of  much  of  the  tedium  of  producing  documents  used  in  the  pro¬ 
duction  of  the  part. 


System  2 

Interactive  System  with  Computer-Aided  Cutti ng  Parameter  Determination 

This  system  is  essentially  the  same  as  System  1  except  that  it  has 
been  up-graded  in  the  following  areas: 
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System  1 


Computer-Aided  Group  Technology  Code  Management  and  Document  Generation 

At  this  level  of  automation,  the  process  planner  does  essentially 
what  he  used  to  do  manually  except  in  two  respects ; 

1.  Every  machined  part,  distinguishable  by  its  part  number, 
is  also  assigned  a  Group  Technology  Code  which  classi¬ 
fies  the  geometry  and  machining  requirements  of  various 
machined  parts  into  part  families.  A  process  planner 
assigns  a  code  to  a  given  part  by  inspection  of  the 
blueprint.  Computer  maintained  Group  Technology  code 
data  files,  in  the  form  of  listings,  are  then  examined 
to  ascertain  whether  the  process  plan  of  a  given  part: 
a)  is  currently  available,  b)  can  be  prepared  by  modi¬ 
fying  an  existing  process  plan  for  a  similar  part;  or 

c)  must  be  created  from  scratch  because  the  part  belongs 
to  none  of  the  know  part  families.  The  planner  will 
then  take  advantage  of  the  information  uncovered  in  his 
manual  effort  to  produce  a  process  plan  for  the  part. 

The  Group  Technology  code  data  files  are  up-dated  peri¬ 
odically  to  reflect  current  availability  of  similar 
process  plans, 

2.  Once  the  process  plan  of  a  given  part  is  manually  pre¬ 
pared,  the  machining  and  material  process  steps  are: 


in  that  very  litte  concrete  data  concerning  the  economics  of  CPPP  was  un¬ 
covered;  however,  it  did  prove  beneficial  in  terms  of  providing  information 
on  intangible  benefits,  current  levels  of  usage  of  CPPP  and  potential  road¬ 
blocks  to  implementing  such  systems.  The  individual  contacts  also  proved 
helpful  from  the  standpoint,  of  providing  data  and  clarification  and  con¬ 
sultation  during  the  analysis  phase. 

However,  the  source  of  information  which  proved  to  be  most  fruitful 
was  the  data  request.  A  copy  of  the  data  request  is  contained  in  Appen¬ 
dix  A. 

The  data  request  consisted  of  three  major  sections,  The  first  section 
described  the  purpose  of  the  request  and  provided  definitions  needed  to  com¬ 
plete  the  form.  The  second  section  requested  information  which  would  char¬ 
acterize  the  company,  its  products,  and  other  relevant  parameters--process 
planning  methods  and  costs,  current  and  planned  usage  of  CPPP,  machining 
costs,  tooling  costs,  etc,  tn  the  third  section,  three  different  levels  of 
process  planning  automation,  or  CPPP  systems,  were  described  and  each  ad¬ 
dressee  was  asked  to  estimate  the  benefits  over  manual  process  planning, 
implementation  costs,  operation  and  maintenance  costs,  and  obstacles  to  im¬ 
plementing  each  system. 

The  three  CPPP  systems  contained  in  the  data  request  are  described 
below.  System  3  is  the  most  similar  to  the  CPPP  system  being  developed  in 
this  program. 


6 


•  Determination  of  operations  and  sequences, 

•  Selection  of  machines  and  equipment  needed  to 

perform  the  operations, 

•  Selection  of  appropriate  tools,  gages,  and 
fixtures. 

•  Determination  of  process  parameters,  speeds, 
feeds,  cutter  paths,  etc.)  for  each  operation. 

•  Determination  of  time  standards. 

•  Analysis  of  tolerances, 

•  Preparation  of  routing  sheets  which  summarize 
the  operations  to  be  performed,  the  times  re¬ 
quired  for  each  operation  and  the  tooling  and 
equipment  needed. 

•  Preparation  of  detailed  operation  sheets  which 
describe  each  operation,  including  sketches  of 
the  workpiece,  identification  of  tools,  fixtures, 
etc.,  tool  layout  and  parts  clamping,  speeds  and 
feeds,  and  special  instructions  for  inspection, 
cleaning,  etc. 

•  Preparation  of  tool  orders  for  jigs,  fixtures, 
gages,  etc,,  which  need  to  be  fabricated  or 
purchased. 

Process  planning,  as  we  have  defined  it,  does  not  include  production 
scheduling,  tool  design,  NC  part  programming  or  plant  layout. 

The  primary  methods  used  to  collect  data  were  literature  searches,  con¬ 


tacts  with  individuals  knowledgeable  in  the  area  and  a  data  request  which 
was  mailed  to  numerous  companies.  The  literature  search  proved  disappointing 
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Figure  1.  DIAGRAM  OF  PROCESS  PLANNING 


Prior  to  collecting  the  data,  however,  it  was  necessary  to  define 
certain  terms  so  that  a  common  basis  could  be  formed  for  comparing  the 


data.  For  the  purposes  of  this  analysis,  the  following  definitions  were 
used; 

MACHINED  PARTS:  Machined  parts  are  defined  as  those  parts  for 

which  the  primary  manufacturing  operations  include  milling, 

turning,  boring,  drilling,  grinding,  hobbing,  etc.  Machined 

parts  do  not  include  those  parts  for  which  the  primary  manufac¬ 
turing  operations  are  stamping,  forming,  welding,  etc,,  nor 
does  it  include  assemblies. 

CYLINDRICAL  MACHINED  PARTS;  Cylindrical  machined  parts  are  those 
for  which  the  major  features  of  the  part  are  symmetrical  about 
an  axis  of  rotation  and  the  primary  manufacturing  operations  are 
turning,  boring,  etc.  Examples  of  cylindrical  machined  parts 
include  shafts,  sleeves,  pistons,  etc. 

NON-CYLINDRICAL  MACHINED  PARTS;  Non-cyl indrical  machined  parts 
are  those  for  which  the  major  features  of  the  part  are  not  sym¬ 
metrical  about  an  axis  of  rotation.  Examples  of  non-cyl indrical 
machined  parts  include  engine  blocks,  pump  housings,  etc. 

PROCESS  PLANNING:  Process  planning  is  basically  the  conversion 
of  part  design  information  into  the  "how-to"  information  needed 
to  manufacture  the  part.  The  inputs,  outputs,  and  major 
functions  of  process  planning  are  shown  in  Figure  1. 

The  process  planner  starts  with  information  about  the  part  design, 
the  quantity  of  the  part  to  be  produced  and  the  starting  material 
the  part  will  be  made  from.  The  process  planner  then  performs 
the  following  types  of  tasks: 
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2,0  BENEFIT  ANALYSIS 


One  of  the  major  objectives  of  the  basic  program  was  to  perform  a 
cost  benefit  analysis  on  computerize!  production  process  planning  (CPPP) 
for  cylindrical  and  non-cylindrical  machined  parts.  It  has  often  been 
stated  that  computer  aided  manufacturing  of  which  CPPP  is  a  subset)  is  a 
field  which  intuitively  "feels  good"  but  is  difficult  to  evaluate  on  an 
economic  basis,  We  believe,  however,  that  we  have  been  successful  in  thor¬ 
oughly  evaluating  the  economics  of  CPPP,  as  well  as  identifying  the  intan¬ 
gible  benefits  to  be  gained  through  such  systems. 

In  order  to  accomplish  the  cost  benefit  analysis,  three  major  tasks 
had  to  be  accomplished.  First,  data  had  to  be  collected  which  character¬ 
ized  the  factors  impacting  the  economic  viability  of  CPPP,  particularly 
with  regard  to  Army  Missile  suppliers  and  other  aerospace  companies. 
Secondly,  that  data  had  to  be  compiled  and  analyzed  in  terms  of  its  rele¬ 
vancy  and  validity.  And  lastly,  a  cost  benefit  analysis  was  performed 
using  this  information. 

The  methodology  and  results  of  each  of  these  tasks  is  described  in 
the  following  sections  of  the  chapter,  along  with  a  section  on  conclusions 
from  the  analysis. 


2.1  Data  Collection 

The  purpose  of  this  task  was  to  obtain  detailed  information  on  the 
costs  of  manufacturing  discrete  machined  parts,  how  these  costs  were  related 
to  the  type  of  part  being  manufactured  and  the  type  of  company,  and  the  po¬ 
tential  impact  that  various  levels  of  process  planning  automation  could 
have  on  these  costs. 
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1.0  INTRODUCTION 


The  overall  objective  of  this  project  was  to  perform  a  cost  benefit 
analysis  for  various  levels  of  computer  aided  process  planning.  In  order 
to  achieve  this  objective  several  tasks  were  undertaken: 

1.  Data  was  collected  from  various  companies  concerning 
the  factors  influencing  the  economic  and  non-economic 
aspects  of  computer  aided  process  planning. 

2.  The  data  was  compiled  and  analyzed  to  facilitate  the 
cost  benefit  analysis  and  to  identify  the  intangible 
benefits  to  be  derived  from  computer  aided  process 
planning. 

3.  A  computerized  cost  model  was  developed  to  perform 
the  cost  benefit  analysis  and  36  cases  were  analyzed 
using  the  model. 

The  next  section  presents  an  overview  of  the  results,  with  more  de¬ 
tailed  information  being  provided  in  the  appendices. 
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Because  of  the  large  amount  of  data  received  and  analyzed,  it  would 
be  impossible  to  summarize  all  the  information  in  this  section  of  the 
report.  Therefore,  only  some  of  the  more  pertinent  results  will  be  pre¬ 
sented  here. 

However  before  proceeding  further,  certain  additional  points  should 
be  made  concerning  the  data  and  its  analysis.  First,  no  claim  is  made 
that  the  data  represents  a  random  sampling  of  the  industry  types  analyzed; 
the  individual  addressees  were  not  selected  randomly,  and,  because  of  the 
nature  of  the  data  request,  the  majority  of  responses  were  from  companies 
which  have  a  sincere  interest  in  the  subject  area.  In  addition,  the 
number  of  responses  was  too  small  and  incomplete  to  assign  any  meaningful 
degree  of  statistical  confidence  to  the  analysis. 

Another  point  is  that  theindividual  responses  to  many  questions  varied 
widely.  This  can  be  attributed  to  many  factors,  such  as:  the  size  of  the 
company  and  type  of  product;  the  current  business  trends  the  company  was 
experiencing;  a  difference  between  respondees  in  their  definition  of 
process  planning  and  machined  parts;  fundamental  differences  between  com¬ 
panies  in  the  depth  of  process  planning  performed,  and,  in  some  cases, 
lack  of  concrete  data  for  which  to  use  as  a  basis  for  the  response. 

Keeping  these  points  in  mind,  some  of  the  highlights  of  the  data  are 
presented  below.  The  reader  will  perceive  that,  the  above  criticisms  not 
withstanding,  some  interesting  results  were  obtainea. 

2.2.1  Basic  Data 

Of  the  21  companies  responding,  the  value  of  products  shipped  annual¬ 
ly  ranged  from  $2  million  to  11800  million.  All  of  the  companies,  with 
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the  possible  exception  of  one  or  two,  are  batch  type  manufacturers  of  dis¬ 
crete  machined  parts  with  varying  degrees  of  product  similarity  within  the 
company. 

The  average  percent  of  products  shipped  (by  dollar  value)  which  re¬ 
present  cylindrical  and  non-cyl indrical  machined  parts  are  as  follows: 


C/1. 

Non-Cyl 

Missile  Prime  and  Subcontractors 

12.1% 

10,3% 

Other  Aerospace  Companies 

11.1% 

10.1% 

Other  Types  of  Manufacturers 

21,8% 

18.6% 

All  Responses 

15.5% 

13,4% 

It  can  be  concluded  from  the  above  that,  in  general,  products  of 
aerospace  typ*-  companies  (including  Army  missile  suppliers)  have  a  sig¬ 
nificant  smaller  percentage  of  the  dollar  value  of  their  products  repre¬ 
senting  machined  parts  than  do  other  types  of  manufacturers.  However, 
the  spread  on  the  responses  to  this  question  were  large.  For  example, 
the  responses  from  missile  prime  and  subcontractors  ranged  from  5%  to  25%, 
with  a  standard  deviation  of  about  11%.  Furthermore,  it  should  be  pointed 
out  thac  aerospace  products  and  machined  parts  are  generally  more  ex¬ 
pensive  and,  as  will  be  seen  later,  their  process  planning  costs  are 
higher. 

Each  respondee  was  asked  to  estimate  the  dollar  value  of  machined 
parts  purchased  from  outside  sources.  Using  these  numbers  in  conjunction 
with  other  data  contained  in  the  survey,  the  approximate  percentage  of 
the  dollar  value  of  machined  parts  which  are  manufactured  in-house  can  be 
estimated.  The  results  were: 


Missile  Prime  and  Subcontractors 

67 % 

72% 

Other  Aerospace  Companies 

93% 

92% 

Other  Types  of  Manufacturers 

62% 

63% 

We  were  unable  to  ascertain  from  the  data  whether  or  not  the  machined 
parts  manufactured  in-house  by  aerospace  companies  represented  the  more 
difficult  parts  to  produce  as  opposed  to  the  more  easily  manufactured 
parts.  However  based  on  the  average  piece  part  costs  and  process  plan¬ 
ning  costs,  we  feel  that  the  parts  manufactured  in-house  by  aerospace 
companies  tend  more  towards  the  former  case  rather  than  the  latter. 

One  of  the  questions  in  the  data  survey  required  a  breakdown  of  the 
costs  to  manufacture  a  machined  part  in-house,  The  average  of  all 
responses  is  shown  in  Figures  2  and  3,  It  should  be  noted  that  the  cost 
breakdowns  for  cylindrical  and  non-cyl indrical  machined  parts  is  almost 
identical . 

Several  important  observations  were  made  during  the  analysis  of  the 
cost  breakdowns.  Although  the  numbers  varied  widely  between  respondees, 
some  of  the  figures  reported  for  overhead  and  profit  appeared  to  be  par¬ 
ticularly  unreasonable.  Six  of  the  responses  were  less  than  12%.  This 
may  be  due  to  a  lack  of  access  to  such  information  or  misinterpretation 
of  the  question. 

Another  observation  concerning  the  cost  breakdowns  was  that  most 
respondees  over-estimated  the  magnitude  of  their  process  planning  costs 
in  the  breakdown.  We  were  able  to  determine  this  by  comparing  the 
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process  planning  costs  from  the  breakdown  to  those  derived  from  more  de¬ 
tailed  information  on  the  number  and  types  of  plans  prepared  and  their 
costs.  The  ratio  of  planning  costs  computed  from  the  breakdown  to  plan¬ 
ning  costs  derived  from  the  detailed  data  ranged  0.02  to  125,  with  a  mean 
of  22.3  for  cylindrical  parts  and  a  mean  of  10.3  for  non-cyl indrical  parts 
Therefore,  it  can  be  concluded  that  the  process  planning  cost  percentages 
shown  in  Figures  2  and  3  are  overstated. 

It  was  originally  envisioned  that  data  pertaining  to  batch  size, 
number  of  batches  per  year,  part  similarity,  and  other  factors  indigenous 
to  a  particular  company  would  be  subjected  to  regression  and  correlation 
analyses  to  determine  their  relationship  to  process  planning  costs,  etc. 
This  was  attempted  on  several  variables  and  did  not  prove  successful  and 
was  not  carried  further  in  light  of  time  and  funding  limitations.  How¬ 
ever  for  the  purposes  of  continuity  of  the  report,  a  summary  of  the  data 
on  batch  sizes  and  number  of  batches  per  year  is  presented  in  Tables  1  and 
2. 

The  subject  of  part  similarity  was  a  major  importance  to  the  cost 
benefit  analysis  because  any  CPPP  system  must  be  based  on  part  similarity 
within  a  company  to  be  cost  effective.  To  obtain  information  in  this  area 
each  addressee  was  requested  to  categorize  the  machined  parts  they  manu¬ 
facture  in-house  into  three  groups:  1)  those  that  are  basically  similar 
and  would  have  over  5  parts  in  a  part  family,  2)  those  that  are  somewhat 
similar  and  would  have  2-5  parts  per  family;  and  3)  those  that  are  totally 
different.  A  part  family  refers  to  the  grouping  of  parts  which  are 
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tAliU.  1.  Pi  RCENT  OF  CYLINDRICAL  AND  NUN-CYLINDRICAL  FARTS  BY  BATCH 


basically  similar  from  the  standpoint  of  design  characteristics  and  the 
manufacturing  processes  required  to  produce  the  part,  The  average 
responses  to  this  question  is  summarized  in  Table  3, 

It  can  be  noted  from  the  table  that  aerospace  companies  did  not  in¬ 
dicate  the  degree  of  part  similarity  that  other  industry  types  did.  How¬ 
ever,  two  points  should  be  kept  in  mind  when  considering  the  data.  First, 
classification  of  parts  into  part  families  is  very  subjective  and  can  be 
done  from  many  different  standpoints.  Thus,  this  would  be  a  particularly 
difficult  question  to  answer  with  any  degree  of  uniformity,  especially  if 
the  respondees  had  not  previously  investigated  their  part  similarity. 
Secondly,  a  lower  degree  of  part  similarity  in  and  of  itself  does  not 
necessarily  imply  that  CPPP  would  not  be  cost  effective  for  aerospace 
companies.  This  topic  is  discussed  further  in  Section  2,3, 

Information  on  the  complexity  of  parts  was  also  requested  in  the  data 
survey.  The  criteria  used  for  measuring  part  complexity  was  the  number 
of  operations  contained  on  each  process  plan.  Each  respondee  was  asked 
to  categorize  the  machined  parts  they  manufacture  in-house  into  three 
groups:  1)  those  having  1-10  operation  per  process  plan,  2)  those  having 
10-25  operations  per  plan,  and  3)  those  having  over  25  operations.  The 
average  responses  are  shown  in  Table  4,  It  can  be  seen  that  aerospace 
companies  have  a  significantly  greater  number  of  operations  per  process 
plan  than  the  other  types  of  companies  responding  to  the  survey. 

The  respondees  were  also  asked  to  estimate  the  cost,  man-hours  and 
leadtime  to  prepare  a  process  plan  for  a  new  machined  part  as  a  function 
of  the  number  of  operations  per  plan.  The  average  responses  are  contained 
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in  Tables  5,  6,  and  7,  In  each  case,  the  values  reported  by  aerospace 
companies  were  significantly  larger  than  those  for  other  industry  types, 

Generally  speaking,  process  plans  can  be  classified  into  one  of  three 
types:  1)  plans  prepared  for  a  new  part  to  be  manufactured;  2)  modifica¬ 
tion  of  an  existing  plan  because  of  charges  in  part  design  or  manufactur¬ 
ing  techniques;  or,  3)  plans  prepared  for  study  purposes  (e.g.,  cost 
estimates,  design  reviews,  and  make/buy  analyses).  The  percent  plans  pre¬ 
pared  in  each  of  these  categories  is  summarized  in  Table  8.  It  can  be 
seen  that  in  aerospace  companies,  more  plans  are  modified  and  prepared  for 
study  purposes  than  in  other  types  of  industries.  Also,  the  cost  to  pre¬ 
pare  a  typical  process  plan  in  each  of  these  categories  was  also  requested. 
The  responses  are  shown  in  Table  9. 

By  taking  the  information  mentioned  in  the  previous  paragraph,  the 
percent  of  process  planning  costs  attributable  to  each  of  the  categories 
can  then  be  calculated.  The  results  of  this  calculation  are  illustrated 
in  Table  10. 

The  final  item  to  be  discussed  in  this  section  is  the  relative  break¬ 
down  wi chin  process  planning  costs.  The  averages  of  all  responses  is  pre¬ 
sented  in  Figures  4  and  5.  There  were  no  significant  differences  between 
breakdowns  for  cylindrical  and  non-cyl indrical  parts.  The  data  indicates 
that  the  major  cost  drivers  within  process  planning  are:  determining 
operation  sequences,  preparing  operations  sheets  and  selecting  tooling 
and  gages. 
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TABLE  6  .  MAN-HOURS  TO  PREPARE  A  PROCESS  FOR  CYLINDRICAL  AND  NON-CYLINDRICAL  PARTS 

BY  NUMBER  OF  OPERATIONS  PER  PLAN 


Missile  Primes  Other  Other  All 

and  Subs  Aerospace  Industry  Responses 


The  benefits  and  costs  are  summarized  in  Tables  14,  15  and  16,  As 
was  the  case  with  System  lf  the  non-aerospace  companies  estimated  signi¬ 
ficantly  higher  benefits  tc  be  derived  from  System  2  than  did  the  aero¬ 
space  companies. 

The  obstacles  to  implementing  System  2  which  cited  by  the  respondees 
were  essentially  the  same  as  those  for  System  1,  but  with  the  addition  of 
the  following: 

•  The  need  for  large  direct  access  memories, 

•  Lack  of  efficient  data  base  management  techniques. 

t  Because  of  the  large  investment  required,  implemen¬ 
tation  would  need  to  be  time  phased  with  a  new 
major  product  introduction. 

•  Resistance  on  the  part  of  the  process  planners  to 
use  CRT  terminals. 

2.2,4  System  3  Data 

System  3  was  the  highest  level  of  process  planning  automation  de¬ 
scribed  in  the  data  survey  and  is  the  one  that  most  closely  resembles  the 
system  being  developed  by  the  Army.  It  has  all  of  the  capabilities  of 
System  2  plus  the  ability  to  generate  the  optimize  process  plans  using 
internally  stored  decision  logic  and  data. 

The  respondees  estimates  of  the  benefits  and  costs  of  System  3  over 
manual  process  planning  are  shown  in  Tables  17,  18  and  19.  There  appears 
to  be  more  uniformity  between  industry  types  concerning  the  benefits  to  be 
derived  from  System  3  than  for  either  of  the  two  other  systems. 
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Some  of  the  major  obstacles  to  implementing  System  1  which  were 
mentioned  by  the  respondees  were: 

•  Economic  justification, 

•  Interfacing  existing  systems  and 
related  hardware, 

t  Getting  the  system  debugged  and  operational. 

•  Training  of  personnel. 

»  Developing  and  assigning  the  group  technology 
codes. 

•  Lack  of  qualified  computer  analysts  to  maintain 
the  system. 

•  Insuring  quality  of  input  data. 

•  Lack  of  management  commitment. 

•  Inability  of  the  system  to  take  into  consideration 
such  factors  as  machine  loading,  alternate  work 
flows  and  effective  material  handling. 

•  Getting  user  acceptance  for  the  system. 

•  Factory  re-arrangement  as  a  result  of  group 
technology  approach. 

2.2.3  System  2  Data 

System  2  was  the  second  hypothetical  level  of  process  planning  auto¬ 
mation  described  in  the  data  request.  It  can  do  everything  System  1  can, 
but  has  additional  capabilities  for  interactive  process  planning  using 
the  variant  approach  and  computer  aided  cutting  parameter  determination. 

As  was  done  for  the  previous  sytem,  each  respondee  was  asked  to  esti 
mate  the  benefits  and  costs  for  System  2  over  manual  process  planning  and 
to  list  the  major  obstacles  to  implementation  within  their  plant. 


Only  some  of  the  highlights  of  the  basic  data  were  presentee  in  this 
section.  The  reader  should  refer  to  Appendices  B  and  C  for  additional 
information. 

The  next  section  discusses  the  responses  received  pertaining  to 
System  1. 

2.2.2  System  1  Data 

System  1  was  the  first  of  three  levels  of  process  planning  automation 
described  in  the  data  request.  It  is  a  relatively  simple  system  based  on 
the  concept  of  group  technology  as  a  means  of  identifying  currently  ex¬ 
isting  process  plans  for  similar  parts  which  would  then  be  used  as  a 
starting  point  for  preparing  a  new  process  plan.  Also,  the  operation 
and  routing  sheet  information  would  be  placed  on  coded  forms  and  then  key¬ 
punched  for  computerized  generation  of  shop  floor  paper. 

Each  respondee  was  asked  to  estimate  the  change  in  process  planning 
costs  System  1  would  provide  over  manual  process  planning  techniques  and 
the  cost  of  implementing  and  maintaining  such  a  system  in  their  plant. 
Additionally,  they  were  asked  to  identify  major  obstacles  to  implementing 
the  system. 

A  summary  of  the  responses  is  contained  in  Tables  11,  12  and  13. 

There  was  a  wide  range  on  the  estimates  received  and  there  was  no  apparent 
trends  in  terms  of  benefits  to  be  gained  from  System  1,  with  the  exception 
that  the  other  industry  category  estimated  significantly  higher  cost 
savings  in  process  planning  costs. 
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TABLE  8  .  PERCENT  OF  PROCESS  PLANS  PREPARED  FOR  CYLINDRICAL  AND  NON-CYLINDRICAL  PAP^ 

,  BY  TYPE  OF  PLAN 


4 


29 


ADTIME  iO  PREPARE  A  PROCESS  PLAN  FOR  CYLINDRICAL  AND  NON -CYLINDRICAL  PARTS 

BY  NUMBER  OF  OPERATIONS  PER  PLAN 


Missile  Primes  I  Other  I  Other 


Tab-e  16.  JMPI  [Ml MAHON  /\flD  Rr.C’J(~  ‘ IN"  Hi-. 


Table  17.  PERCENT  COST  REDUCTIONS  RESUl.T Ip*':  >  R'>!  SYS' 


Missile  Primes  Other  Other  All 

and  Subs  Aet ospace  Industry  Response 


COST  RUDUCI  [Oi!  IN  PROS 


Missile  Primes  Other  Other  All 

and  Subs  Aerospace  Industry  Responses 


Table  19.  IMPLEMENTATION  AND  RECURRING  COSTS  FOR  SYSTEM 


The  factors  listed  as  obstacles  to  implementing  System  3  were  the 
same  as  those  for  Systems  1  and  2,  but  with  the  following  additions: 

•  Major  problems  would  exist  in  developing  effective 
decision  rules  that  allow  manufacturing  efficiency 
and  at  the  same  time  would  not  be  too  complex  or 
costly  to  develop. 

•  Developing  decision  rules  for  planning  complex 
parts. 

•  Establishing  initial  data  bases  for  machines, 
equipment,  tooling,  etc. 

•  Maintenance  of  the  data  base 

•  System  complexity,  reliability  and  risk. 

t  Possibly  exceeding  the  state-of-the-art. 

•  May  not  be  user  oriented  enough. 

2.2.5  Comparison  of  Systems  1,  2  and  3 

This  section  presents  a  summarization  and  distillation  of  the  data 
on  Systems  1,  2  and  3  for  the  purpose  of  more  easily  comparing  the  costs 
and  benefits  of  each  system. 

The  net  impact  of  Systems  1,  2  and  3  on  the  cost  of  manufacturing 
cylindrical  machined  parts  is  shown  in  Table  20.  Cylindrical  parts  were 
picked  as  the  basis  for  comparison  because  that  is  the  type  of  system  th 
Army  is  developing.  The  table  is  a  consolidation  of  all  the  responses 
and  represents  the  estimated  cost  reductions  possible  for  each  system. 


The  implementation  costs  and  recurring  annual  costs  for  each  system 
is  shown  in  Table  21.  Again,  this  is  an  average  of  all  the  responses 
received. 

By  comparing  Tables  21  and  22,  the  economic  advantages  and  disad¬ 
vantages  of  each  of  the  systems  is  quite  obvious.  However,  the  systems 
should  not  be  prejudged  on  this  data  alone;  an  economic  analysis  of  each 
of  the  systems  which  further  explores  this  issue  is  contained  in  Section 
2.3. 

However  before  turning  to  the  economic  analysis,  certain  intangible 
benefits  should  be  considered  for  each  of  the  systems.  The  data  survey 
contained  a  list  of  areas  which  are  somewhat  intangible  in  nature  and 
which  could  be  impacted  by  CPPP.  The  respondees  were  asked  to  rank  the 
impacts  of  Systems  1,  2  and  3  on  each  of  the  areas  using  a  scale  of  -2 
to  +2,  where:  -2  *  significantly  negative  impact;  -1  *  somewhat  negative 
impact;  0  =  no  impact;  +1  =  somewhat  positive  impact;  and  +2  =  signifi¬ 
cantly  positive  impact.  These  rankings  were  then  averaged  to  yield  a 
relative  scale  of  impacts  on  each  area  for  each  system.  The  results 
are  presented  in  Table  22. 

It  was  suprising  to  note  that  CPPP  had  a  positive  impact  on  each 
area  listed.  Even  more  important,  however,  are  the  significant  increases 
in  impact  as  the  level  of  process  planning  automation  increases. 

One  final  point  should  be  made  concerning  the  data  analysis,  and 
that  is  the  receptivity  of  industry  to  process  planning  automation.  To 
determine  this,  the  data  survey  contained  a  question  on  current  and 
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planned  (within  2  years)  usage  of  some  form  of  automated  process  planning 
techniques.  Twenty  companies,  or  an  equivalent  of  95%  of  the  respondees 
indicated  that  they  are  either  currently  using,  or  plan  to  use  some  form 
of  computer  aided  process  planning. 

2.3  Cost  Benefit  Analysis 

This  section  briefly  describes  the  cost  benefit  analysis  which  was 
performed  during  the  program.  It  contains  a  discussion  of  the  methodolog 
used,  the  results  and  conclusions  which  can  be  drawn  from  those  results. 

2.3.1  Methodology 

The  methodology  used  to  conduct  the  cost  benefit  analysis  was  to  con 
struct  a  computerized  cost  model  which  would  accept  data  on  various  cases 
consisting  of  CPPP  systems  and  manufacturing  situations  and  then  perform 
a  detailed  economic  analysis  for  each  case.  The  computer  program  would 
calculate  the  cash  flows  involved  and  would  calculate  benefit-to-cost, 
ratios  (BCR),  years  to  payback  (YTP)  and  return  on  investment  (ROI),  botn 
before  and  after  taxes.  Also,  the  computer  program  would  perform  a  sensi 
tivity  analysis  on  17  different  input  variables  to  determine  the  effect 
each  had  on  BCR,  YTP  and  ROI.  The  specifics  of  the  methodology  are  con¬ 
tained  in  Appendix  D. 

Inputs  to  the  cost  model  were: 

•  Annual  value  of  parts  manufactured. 

•  Annual  value  of  work-in-process  inventory  (WIPI). 
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•  A  percentage  cost  breakdown  for  the  parts  in  terms  of; 

a)  process  planning;  b)  tooling;  c)  direct  labor;  d)  material; 
e)  scrap  and  rework;  and,  f)  overhead,  profit,  etc. 

•  Percentage  of  potential  savings  as  a  result  of  the  CPPP  system 
in:  a)  process  planning;  b)  tooling;  c)  direct  labor; 

d)  material,  e)  scrap  and  rework;  and  f)  WIPI. 

•  Hardware  costs  by  year. 

•  Cost  to  establish  initial  data  files  by  year. 

•  Cost  to  train  personnel  by  year. 

•  Computer  charges  and  program  maintenance  by  year. 

t  Cost  to  update  data  files  by  year. 

•  Percentage  of  Parts  Impacted  (PPI)  (by  dollar  value)  by  year. 

Using  this  information,  the  computer  program  then  computed  the  annual 
cash  flows  for  14  factors,  including  such  items  as:  process  planning 
savings;  direct  labor  savings;  savings  due  to  reductions  in  WIPI;  depreci¬ 
ation;  and,  investment  tax  credit. 

The  cost  model  considered  a  ten  year  period  and  computer  the  cumula¬ 
tive  present  value  of  the  cash  flow,  the  BCR  and  the  VTP  assuming  an 
interest  rate  of  10%  per  year.  A  sum-of-the-years-digi ts  methods  of  de¬ 
preciation  was  used  and  a  7%  investment  tax  credit  was  assumed.  A  corpor¬ 
ate  income  tax  rate  of  48%  was  also  used  in  the  calculations. 


The  sensitivity  analysis  consisted  of  changing  the  original  input 
values  +10*  and  then  calculating  the  net  change  in  BCR,  YTP  and  ROI  after 
taxes  and  depreciation.  This  provided  the  ability  to  identify  those 
factors  which  have  the  greatest  impact  on  economic  viability  of  the  case 
in  question. 

The  physical  output  from  the  computer  program  consists  of  three  pages. 
The  first  is  a  printout  of  the  input  data,  case  number  and  title.  The 
second  is  a  printout  of  the  detailed  cash  flows  by  year  and  the  BCR,  YTP 
and  ROI,  both  before  and  after  taxes.  The  third  page  contains  a  printout 
of  the  sensitivity  analysis. 

Thirty-six  cases  were  constructed  and  run  through  the  computer  pro¬ 
gram.  The  first  six  cases  were  essentially  the  composite  data  resulting 
from  the  information  derived  from  the  data  analysis  mentioned  previously. 

The  number  of  cases  for  the  composite  data  was  derived  by  multiplying  the 
number  of  part  types  (2)  (i.e.,  cylindrical  and  non-cyl indrical )  times  the 
number  of  different  CPPP  systems  (3)  (i.e..  Systems  1,  2  and  3). 

In  addition  to  the  composite  data,  it  became  apparent  during  the 
data  analysis  that  at  least  three  distinct  types  of  manufacturing  situations 
could  be  identified  and  quantified  for  cost  benefit  analysis.  They  differ 
primarily  in  the  dollar  volume  of  parts  manufactured,  the  degree  of  part 
similarity  as  reflected  in  the  steady-state  PPI  values,  and  the  distribu¬ 
tion  of  the  percentages  within  the  cost  breakdown. 

The  first  type  of  manufacturing  situation  is  what  we  have  identified, 
for  lack  of  a  better  term,  as  a  Medium  Size/Similar  Parts  manufacturer. 
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This  type  of  manufacturer  Is  characterized  as  having  an  annual  volume  of 
business  of  $10  million  in  machined  parts  of  each  type  and  a  product  mix 
such  that  ultimately  about  70%  of  their  cylindrical  and  60%  of  their  non- 
cylindrical  parts  of  dollar  volume  will  receive  the  full  benefits  of  the 
CPPP  systems.  Also,  this  type  of  manufacturer  has  a  somewhat  higher  over¬ 
head  rate  and  percentage  of  process  planning  costs  than  the  other  two  manu' 
facturing  situations  described  later. 

It  should  be  pointed  out  that  the  intent  here  is  not  to  stereotype 
certain  types  of  companies  or  industries,  but  rather  to  describe  manufac¬ 
turing  situations  to  which  many  different  types  of  companies  could  relate. 
For  example,  the  Medium  Size/Similar  Parts  manufacturer  mentioned  above 
could  correspond  to  the  parts  manufacturing  situation  of  a  large  aero¬ 
space  prime  contractor  or  a  company  manufacturing  large  power  generation 
equipment.  On  the  other  hand,  these  or  similar  companies  could  have  a 
parts  manufacturing  situation  more  closely  related  to  one  of  the  other 
situations  described  below. 

As  with  the  composite  data,  six  cases  were  constructed  and  run  for 
the  Medium  Size/Similar  Parts  manufacturer. 

The  second  type  of  manufacturing  situation  that  was  defined  has  been 
identified  as  a  Large  Size/Highly  Similar  Parts  manufacturer.  This  type 
of  manufacturer  is  characterized  as  having  an  annual  volume  of  business  of 
$50  million  In  machined  parts  of  each  type  and  a  product  mix  such  that 
ultimately  about  90%  of  their  parts  by  dollar  volume  will  receive  the  full 
benefits  of  the  CPPP  systems.  This  type  of  manufacturer  has  a  somewhat 
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lower  overhead  rate  and  percentage  of  process  planning  costs  than  the 
Medium  Size/Similar  Parts  manufacturer .  Six  cases  were  also  constructed 
and  run  for  the  Large  Size/Highly  Similar  Parts  manufacturer. 

The  third  type  of  manufacturing  situation  has  been  named  the 
Small  Size/Highly  Similar  Parts  manufacturer.  It  is  essentially  the  same 
as  the  Large  Size/Highly  Similar  Parts  manufacturer  except  that  its  annual 
business  volume  is  $5  million  in  machined  parts  of  each  type.  Like  the 
other  manufacturing  types,  six  cases  (2  part  types  times  3  CPPP  Systems) 
were  constructed  and  run  for  the  Small  Size/Highly  Similar  Parts  manufac¬ 
turer. 

In  constructing  the  input  data,  every  effort  was  made  to  be  objective 
and  reasonable  in  determining  the  numbers  in  light  of  the  data  received 
and  our  knowledge  of  the  subject  matter.  However,  it  became  apparent  that 
two  types  of  input  data  needed  for  the  cost  model  would  require  a  certain 
degree  of  subjective  judgment  to  come  with  the  values.  The  two  inputs  in 
question  are  the  Percentage  of  Parts  Impacted  (PPI)  (by  dollar  volume)  by 
year  and  the  percentage  of  cost  attributable  to  overhead  and  profit  which 
is  fixed  and  not  variable,  and  therefore  would  not  contribute  to  the  cost 
savings  obtainable  through  the  application  of  a  particular  CPPP  system. 

As  far  as  the  PPI  by  year  is  concerned,  it  was  derived  by  estimating 
the  capability  of  a  system  to  provide  process  planning  coverage  and  this 
capability  was  then  multiplied  by  the  ratio  of  new  and  modified  plans  pre¬ 
pared  to  the  total  number  of  different  parts  manufactured  annually,  thereby 
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resulting  in  the  PPI  during  a  particular  year,  However,  this  is  a  cumu¬ 
lative  process  and  the  PPI  continues  to  build  up  until  a  steady-state 
value  is  reached  which  is  equivalent  to  the  capability  of  the  system.  In 
other  words,  for  any  given  year  the  system  would  only  impact  those  parts 
for  which  new  or  modified  process  plans  were  prepared  in  addition  to  those 
processed  through  the  system  in  prior  years. 

A  simple  example  might  help  to  illustrate  the  point.  Assume  that 
the  process  planning  system  was  only  capable  of  impacting  50%  of  the 
parts  manufactured  during  the  first  year  and  100%  of  the  parts  manufac¬ 
tured  during  the  second  and  subsequent  years.  However,  not  all  the 
benefits  of  the  system  will  be  achieved  unless  all  of  the  parts  are  plan¬ 
ned  each  year.  Therefore,  let  us  assume  that  10%  of  the  parts  that  are 
manufactured  annually  are  either  planned  or  replanned  each  year.  Then 
the  PPI  would  be  calculated  as  follows. 


Year 

System 

Capability 

%  of  Parts 
Planned/Year 

PPI 

1 

50% 

10% 

5% 

2 

100% 

10% 

10%  +  5%  =  15% 

3 

100% 

10% 

10%  +  15%  =  25% 

Steady- 
Sta  te 

100% 

57 

100% 

Because  of  the  subject  nature  in  deriving  estimates  for  PPI  by  year, 
both  IITRI  and  UTRC  independently  came  up  with  estimates  for  the  values. 

I ITR T * s  PPI  values  were  used  in  the  first  24  cases  and  UTRC's  values  were 
used  In  cases  25  through  36, 

As  far  as  the  overhead  issue  is  concerned,  we  were  not  able  to 
rationalize  the  relationship  between  fixed  and  variable  overhead  rates  and 
how  they  interact  with  other  cost  breakdown  factors  such  as  process  plan¬ 
ning  and  direct  labor.  It  is  not  clear  that  reducing  the  costs  of  manu¬ 
facturing  machined  parts  will  reduce  the  overhead  rate.  Some  might  argue 
that  the  overhead  rate  might  even  increase.  However,  because  overhead  and 
profit  represent  such  a  substantial  portion  of  the  costs  to  produce  machined 
parts  and  some  of  the  overhead  on  direct  labor,  tooling,  material,  etc. 
must  be  variable,  it  was  decided  to  reduce  the  original  overhead  percent¬ 
ages  by  several  points  and  distribute  them  about  proportionally  to  the 
other  cost  areas. 

Certain  underlying  assumptions  were  made  concerning  the  cost  benefit 
analysis: 

1)  no  software  development  costs  were  included  --  the  analysis 
was  done  from  the  standpoint  that  the  software  would  be  pro¬ 
vided  free  of  charge  to  the  companies;  2)  the  only  hardware 
costs  would  be  for  CRT  terminals,  printers  and  interfacing 
equipment--it  was  assumed  that  the  companies  would  either 
have  sufficient  computer  resources  available  either  in- 
house  or  through  bureau  services;  and  3)  the  potential 
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cost  reductions  for  each  of  the  3  CPPP  systems  were  about 
the  same  as  those  resulting  from  the  data  analysis. 

Appendix  E  contains  the  complete  inputs  and  outputs  for  each  of  the 
36  cases.  The  results  of  the  cost  benefit  analyses  are  summarized  in  the 
following  section. 

2.3,2  Results  of  the  Cost  Benefit  Analyses 

The  results  of  the  cost  benefit  analyses  are  summarized  in  Table  23. 
Each  case  is  identified  by  a  case  number  corresponding  to  those  in  Appendix 

E.  In  addition,  each  case  is  characterized  by  the  type  of  manufacturer, 
the  type  of  machined  part  and  the  type  of  hypothetical  process  planning 
system  involved. 

Table  23  also  contains  the  benefi t- to-cost  ratio,  the  years  to  pay¬ 
back  and  the  return  on  investment  after  taxes  and  depreciation,  as  well  as 
the  cumulative  present  value  of  the  cash  flow  at  the  end  of  year  10. 

An  examination  of  Table  23  will  show  that  System  1  consistently 
ranked  higher  in  all  economic  indicators  except  the  cumulative  present 
value  of  the  cash  flow  at  the  end  of  year  10.  What  this  means  is  that 
although  System  1  has  a  better  short  term  economic  advantage,  in  the  long 
term.  Systems  2  and  3  will  return  greater  economic  benefits.  Plots  of  the 
cumulative  present  value  of  the  cash  flow  by  year  are  contained  in  Appendix 

F. 
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TABLE  23.  Summary  of  Economic  Analysis  Penults 
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TABLE  23.  Summary  of  Economic  Analysis  Results  (continued) 


The  sensitivity  analyses  indicated  that  the  following  are  the  most 
important  factors  influencing  the  economic  impacts  of  the  case  studies, 
although  their  order  of  importance  may  vary  from  case  to  case, 

•  Percent  of  Parts  impacted  (by  dollar  value) 
per  year, 

•  The  value  of  the  machined  parts  being  produced. 

•  Implementation  costs. 

•  The  percentage  of  costs  attributable  to  overhead 
and  profit. 

2.3.3  Conclusions 

Using  the  information  derived  from  the  data  analysis  and  the  assump¬ 
tions  stated  in  the  previous  section,  each  of  the  36  cases  analyzed 
resulted  in  positive  economic  indicators.  However,  System  1  quite  clearly 
showed  the  best  short  term  performance,  while  Systems  2  and  3  would  pro¬ 
vide  significant  economic  advantages  over  System  1  in  the  long  term. 

The  factors  influencing  the  economics  of  computerized  process  plan¬ 
ning  are  numerous,  but  the  most  significant  are  the  dollar  value  of  parts 
being  manufactured,  the  percentage  of  that  value  which  can  be  impacted  by 
the  CPPP  system  and  the  implementation  costs  for  the  system.  It  is  diffi¬ 
cult  to  generalize  on  the  interaction  of  the  factors  as  they  apply  to 
System  3,  but  there  is  an  apparent  Tower  limit  below  which  System  3  is  no 
long  economically  viable  (i.e.,  a  benefit-to-cost  ratio  of  less  than  1). 
That  limit,  in  terms  of  dollar  value  of  highly  similar  parts  produced 


annually  is  approximately  $3  million, 

However,  Section  3  is  economically  viable  for  large  parts  manufac¬ 
turers  and  does  offer  significant  advantages  over  Systems  1  and  2  in  terms 
of  intangible  benefits.  Also,  System  3  offers  future  growth  potential  in 
increasing  overall  manufacturing  productivity  by  ultimately  linking  process 
planning  with  other  functions  such  as  production  planning  and  control  and 
design  engineering. 
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